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(54) DIELECTRIC PORCELAIN AND LAMINATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a dielectric porcelain -capable of being sintered at a 
low temperature and capable of improving moisture resistance, and to provide a laminate. 
SOLUTION: This dielectric porcelain comprises perovskite type main crystal granules 
comprising a compound oxide containing at least Mg and Ti as metal -elements and granular 
boundaries existing among the perovskite type main crystal granules. The granular 
boundaries contain B, alkali metals and Al as elements. Therein, the compound oxide 
comprises 100 pts.wt. of a main component containing at least Mg and Ti as metal elements 
and expressed by the compositional formula (based on molar ratio): <1-x)MgTi03.xCaTi03 
l(x) satisfies the inequality: 0<(x)<0.2], and B in an amount of 3-20 pts.wt. (converted into 
B203), an alkali metal in an amount of 1-10 pts.wt. (converted into an alkali metal*carbonate), 
Si in an amount of 0.01-5 pts.wt. (converted into Si02), an alkaline earth metal in an amount 
of 0.1-5 pts.wt. (converted into an alkaline earth metal oxide) and Al in an amount of 0.01-2 
pts.wt. (converted into AI203). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS ; _ ^ . , " 

tClaim(s)] . ; 

{Claim 1] Dielectric porcelain which is dielectric porcelain which consists of a grain boundary which 
exists between the main crystal grain child of a perovskite mold which consists of a multiple oxide 
which contains Mg and Ti at least, and the main crystal grain child of this perovskite mold* aiid is 
characterized by containing B, alkali metal, and aluminum as an element in said grain boundary. 
(Claim 2] Dielectric porcelain according to claim 1 characterized by containing Si and alkaline earth 
metal as an element further in a grain boundary. 

{Claim 3] A principal component with which said x is satisfied of 0<=x<=0.2 when a multiple oxide 
contains Mg and Ti at least as a metallic element and expresses an empirical formula by these mole 
ratios as MgTiO(l -x)3 and xCaTi03, It is B to this principal component 100 weight section B-2 03 By 
conversion, 3-20 weight section, They are 1 - 1 0 weight section and Si by alkali-metalxarbonate 
conversion about alkali metal Si02 Byconversion, 0.01 - 5 weight section, It is aluminum 203 about 
aluminum to 0.1 - 5 weight section and a pan by alkaline-earth-metal oxide conversion in alkaline earth 
metal. Dielectric porcelain according to claim 1 or 2 characterized by carrying out 0.01-2 weight section 
content by conversion. 

[Claim 4] It is Mn further to the principal component 1 00 weight section Mn02 Dielectric porcelain 
according to claim 3 characterized by cairrying out 0.1-3 weight section content by conversion. 
[Claim 5] A layered product characterized by being the layered product which has a conductor which 
uses Ag and/or Cu as a principal component, and said dielectric layer becoming the interior and/or a 
front face of a dielectric base which come to carry out two or more laminatings of the dielectric layer 
from dielectric porcelain according to claim 1 to 4. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION - . ■ 

[Detailed Description of the Invention] 

{0001} ; 
[The technical field to which invention belongs] Especially this invention relates to the dielectric 
porcelain and layered product which can be used for the dielectric layer of the various resonators used in 
RF fields, such as microwave and a millimeter wave, the dielectric substrate for Media Interface 
Connector, a dielectric waveguide, and a laminating mold ceramic condenser etc. in RF fields, -such as 
microwave and a millimeter wave, about dielectric porcelain about the dielectric porcelain and layered 
product which have high Q value. 

{0002] ^ ' ' , 

{Description of the Prior Art] Conventionally, dielectric porcelain is widely used for a dielectric 
resonator, the dielectric substrate for Media Interface Connector, waveguide, etc. in RF fields, such as 
microwave and a millimeter wave. And in recent years, the need of the dielectric ceramics is growing as 
a material of an electronic-circuitry substrate or electronic parts with the development and spread of 
mobile communications etc. including a cellular phone. 

{0003] In an electronic-circuitry substrate or electronic parts, it faced carrying out simultaneous baking 
of the dielectric ceramics and the inner conductor, and since the burning temperature of the -conventional 
dielectric ceramics was an elevated temperature of 1 100 degrees C or more, as a conductor material, Pt, 
Pd, W, Mo, etc. which are high-melting comparatively were used, since a conductor material high- 
melting [ these ] has strong flow resistance - the conventional electronic-circuitry substrate - setting - 
the-Q value of a resonance circuit or an inductance - small - becoming - a conductor - there were 
problems, like the transmission loss of a line becomes large. 

{0004] Then, the dielectric ceramics of low-temperature baking in which small Ag of flow resistance, 
Cu, etc. and simultaneous baking are possible is proposed that the starting trouble should be solved, for 
example, the dielectric porcelain constituent indicated by JP,8-208330,A for which these people applied 
previously - MgO, CaO, and Ti02 B-2 03 and Li2 C03 from - it becomes. 2000 or more and 
temperature coefficient tauf of resonance frequency were the 900- 1 050-degree C things to which it can 
calcinate to an inner conductor and coincidence, such as Ag and Cu, at low temperature comparatively, 
specific-inductive-capacity epsilonr of dielectric porcelain has the outstanding property within **40, and 
18 or more and 7GHz [ of test frequencies ] Q value can realize a miniaturization and high-performance- 
izing of RF electronic parts. 

{0005] . . 

{Problem(s) to be Solved by the Invention] However, with the dielectric porcelain constituent indicated 
by JP,8-208330,A, they are B-2 03 and Li2 C03 as a sintering acid component. Since it contained, there 
was a problem that moisture resistance was low.. 

[0006] Namely, B-2 03 and Li2 C03 Since it is water solubility, they are B-203 in dielectric porcelain, 
and Li2 C03. For example, it dissolves in the moisture in air and moisture tended to permeate into 
porcelain, and for this reason, when using it in a moist location, there was a possibility that the 
insulation resistance of dielectric porcelain might fall. 
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[0007] Moreover, with the above-mentioned dielectric porcelain, sintering temperature was still high, 
since the contraction initiation temperature in sintering was 845-960 degrees C and an elevated 
temperature further, matching of contraction behavior with conductor material was bad, and there were 
problems, such as thai the substrate and electronic parts which were calcinated curve, and being 
distorted. 

[0008] Namely, although there are some which added metals, such as a glass component, a cefamic 
component, and Pt, Pd, as a conductor to the thing which uses Ag and/or Cu as a principal -component, 
for example, Ag and Cu, and Ag and Cu Since these conductors were about 650 degrees C as the 
contraction initiation temperature at the time of baking is high, its difference with the contraction 
initiation temperature of the above-mentioned dielectric porcelain constituent was large, and, thereby, 
they had the problem of a substrate etc. deforming. 

[0009] While this invention was made in view of the above-mentioned technical problem andean 
improve moisture resistance Can reduce burning temperature further rather than before for the purpose 
of offering the dielectric porcelain and layered product which can carry out low-temperature baking, and 
contraction initiation temperature is made low. It can bring close to the -contraction initiation 
temperature of a conductor, and even when simultaneous baking is carried out with the conductor which 
uses Ag and Cu as a principal component, it aims at offering the dielectric porcelain and layered product 
which can control curvature and distortion. 
[0010] 

[Means for Solving the Problem] Dielectric porcelain of this invention is dielectric porcelain which 
consists of a grain boundary which exists between the main crystal grain child of a perovskite mold 
which consists of a multiple oxide which contains Mg and Ti at least, and the main crystal grain child of 
this perovskite mold, and contains B, alkali metal, and aluminum as an element in said grain boundary. 
Here, in a grain boundary, it is desirable as an element to contain Si and alkaline earth metal further. 
{001 1] Moreover, a multiple oxide is MgTiO(l-x)3 and xCaTi03 about an empiricaLformula contain 
Mg and Ti at least as a metallic element, and according to these mole ratios. A principal component with 
which said x is satisfied of 0<=x<=0.2 when expressed, It is B to this principal component 1 00 weight 
♦section B-2 03 By conversion, 3 - 20 weight section, They are 1 - 10 weight section and Si by alkali- 
metal carbonate conversion about alkali metal Si02 It is aluminum 203 in 0.01 - 5 weight section and 
alkaline earth metal about aluminum to 0.1 - 5 weight section and a pan by alkaline-carth-metal oxide 
conversion at conversion. It is desirable to carry out 0.01-2 weight section content byconversion. 
[0012] Moreover, it is Mn further to the principal component 100 weight section Mn02 It is desirable to 
carry out 0.1 -3 weight section content by conversion. 

[001 3] A layered product of this invention is a layered product which has a conductor which uses Ag 
and/or Cu as a principal component on the interior and/or a front face of a dielectric base which come to 
carry out two or more laminatings of the dielectric layer, and said dielectric layer consists of the above- 
mentioned dielectric porcelain. 
{0014] 

[Function] With the dielectric porcelain of this invention, as an element, since B, alkali metal, and 
aluminum are contained, while low-temperature baking of 1050 degrees C or less is attained without 
degrading so much the Q value of main crystal grain child original of the perovskite mold which 
consists of a multiple oxide containing Mg and Ti, moisture resistance can be improved by content of 
aluminum as an element to the grain boundary of the main crystal grain child of the perovskite mold 
which consists of a multiple oxide which contains Mg and Ti at least. By containing aluminum -element 
in porcelain, the interaction between atoms with other elements becomes strong, and this is considered 
4o be because for a leached moiety to be controlled. 

[O01 5] Moreover, into a grain boundary phase, while low-temperature baking of 950 degrees C or less is 
attained as an element by containing Si and alkaline earth metal other than B, alkali metal, and 
aluminum further, even if it can make contraction initiation temperature into 850 degrees C or less and 
carries out simultaneous baking with inner conductors, such as Ag and Cu, it does not deform. 
{0016] And a multiple oxide is MgTiO(l-x)3 and xCaTi03 about the empirical formula by the mole 
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ratio. As opposed to the principal component with which x is satisfied of 0<= r x<=0.2 when expressed, 
and this principal component 1 00 weight section, By carrying out specified quantity content of B, alkali 
metal, Si, alkaline earth metal, and the aluminum, Qf value as which specific inductive capacity is 
expressed in the product of Q value and its test frequency 1 8-20 is more than 15000 {GHz], and it 
becomes possible about burning temperature to make contraction initiation temperature into 850 degrees 
C or less at 950 degrees C or less. Furthermore, even when the moisture resistance of dielectric 
porcelain improves and it is left the inside of humid by containing aluminum, while the insulation 
resistance of dielectric porcelain does not fall and being able to improve reliability over a long period of 
time, it is positively employable also as the activity use in highly humid, 

{001 7] Moreover, the degree of sintering of dielectric porcelain can be improved by carrying out 
specified quantity content of Mn further to the above-mentioned principal component 100 weight 
section. 

{001 8] Furthermore, even if it uses the conductor which uses Ag and/or Cu as a principal component as 
an inner conductor by forming a layered product using the above dielectric porcelain, while there is no 
deformation of a layered product and having high dielectric characteristics, low-temperature baking can. 
be performed and the damp-proof good substrate for RFs and the damp-proof components for RFs can 
be obtained. 
[0019] 

[Embodiment of the Invention] The dielectric porcelain of this invention contains B, alkali metal, and 
aluminum as an element in the grain boundary of the main crystal grain child of the perovskite mold 
which consists of a multiple oxide which contains Mg and Ti at least. As a main crystal grain child of 
the perovskite mold which consists of a multiple oxide which contains Mg and Ti at least, it is MgTi03. 
There is a particle. In a grain boundary, it is desirable as ap element to contain Si and alkaline earth 
metal further. 

[0020] And especially the dielectric porcelain of this invention is MgTiO(l -x)3 and xCaTi03 about the 
empirical formula by the mole ratio. As opposed to the principal component with which x is 'satisfied of 
0<=x<=0.2 when expressed, and this principal component 100 weight section, B - B-2 03 conversion— 
3-20 weight section and alkali metal - alkali-metal carbonate conversion — 1 - 10 weight section and 
Si - Si02 conversion ~ 0.01 - 5 weight section and alkaline earth metal - alkaline-earth-metal oxide 
conversion — 0.1 - 5 weight section — further - aluminum — aluminum 203 It is desirable to carry out 
0.01-2 weight section content by conversion. 

[O021] Here, they are MgTiO(l-x)3 and xCaTi03 about the empirical formula according the principal 
component of the dielectric porcelain of this invention to a mole ratio. When expressed, when x 
exceeded 0.2 mols, it was presupposed that x satisfies 0<==x<=0.2 because temperature coefficient tauf 
of resonance frequency became large too much at a plus side. As for x, from a viewpoint of temperature 
coefficient tauf of the resonance frequency of dielectric porcelain, 0.05<-x<=0. 1 0 is especially 
desirable. Moreover, MgTi03 CaTi03 It sets, and if the ranges of a Mg/Ti ratio or a calcium/Ti ratio are 
0.9-1 .1 , it can be used as a principal component of the constituent of this invention. 
[0022] And with the dielectric porcelain of this invention, they are 1 - 1 0 weight section and Si in B by 
alkali-metal carbonate conversion about 3 - 20 weight section and alkali metal at B-2 03 conversion to 
the principal component 100 weight section Si02 It is aluminum 203 in 0.01 - 5 weight -section and 
alkaline earth metal about aluminum to 0.1 - 5 weight section and a pan by alkaline-earth-metal oxide 
conversion at conversion. 0.01-2 weight section content is carried out by conversion. 
{0023] Here, it is B B-2 03 It is because the rate of the glass phase in a sintered compact increases and 
Q value falls, in having carried out 3-20 weight section content by conversion not sintering at least 1 100 
degrees C when B content compounds are under 3 weight sections, but the conductor and simultaneous 
baking which use Ag or Cu as a principal component becoming impossible and exceeding 20 weight 
sections conversely . Therefore, the viewpoint of maintaining a degree of sintering and obtaining high Q 
value to B-2 03 It is desirable to carry out 7-1 7 weight section content by conversion. As a B content 
compound, there are metal boron, B-2 -03, KOREMA1TO, CaB 204, borosilicate glass, HOUKEI acid 
alkali glass, HOUKEI acid alkaline earth .glass, etc. 
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{0024] Moreover, it is because a crystal phase changes and Q value falls, in having carried out 1 -1 0 
weight section content of the alkali metal by alkali-metal carbonate conversion not sintering at least 
1 100 degrees C when a content is under 1 weight section, but the conductor and simultaneous baking 
which use Ag or Cu as a principal component becoming impossible and exceeding 1 0 w&ght sections 
conversely. The viewpoint of the Q value of dielectric porcelain to 3 - 8 weight section is desirable. As 
an alkali metal, Li, Na, and K can be illustrated and especially Li is desirable also in this. As an alkali- 
metal content compound, the carbonate of the above-mentioned alkali metal, an oxide, etc. can be 
illustrated. 

[0025] Furthermore, it is Si Si02 When a content was under the 0,01 weight section, 0.01-5 weight 
section content was carried out by conversion because the contraction initiation temperature in the 
sintering process of dielectric porcelain was higher than 850 degrees C and the addition effect was not 
acquired. It is because specific-inductive-capacity epsilonr or Q value will fall on the other hand if 5 
weight sections are exceeded. The viewpoint of Q value to specific-inductive-capacity epsilonr of 
dielectric porcelain or 0.5 - 3 weight section is desirable, as Si content compound — Si02 and MgSi03 
etc. — it is the exi sting thing which carries out 0.1-5 weight section content of the alkaline earth metal by 
alkaline-earth-mietal oxide conversion again. When these are under the 0.1 weight sections, the 
contraction initiation temperature in the sintering process of dielectric porcelain is higher than "850 
degrees C, and the addition effect is not acquired. On the other hand, if 5 weight sections are exceeded, 
temperature coefficient tauf of the resonance frequency of dielectric porcelain will become large tpo 
much at a plus side. From the degree of sintering of dielectric porcelain, and a viewpoint of temperature 
coefficient tauf of resonance frequency, the a total of 0.5 to 3.5 weight section is especially desirable. 
[0026] As an alkaline earth metal, there are Mg, calcium, Sr, and Ba and Ba is desirable also in this. As 
an alkaline-earth-metal content compound, the carbonate of the above-mentioned alkaline earth metal, 
an oxide, etc. can be illustrated. 

[0027] Furthermore, it is aluminum 203 about aluminum. 0.01-2 weight-section content is carried out _ 
by conversion. This is aluminum 203 about aluminum. It is because the weight percentage reduction of 
the sintering acid before and behind a steamy pressure test (PCT) becomes high and the addition effect 
is not acquired about the moisture resistance of dielectric porcelain at the case of under the 0.01 weight 
section by conversion. It is because the Q value of dielectric porcelain will fall on the other hand if 2 
weight sections are exceeded. From a viewpoint of the Q value of dielectric porcelain, it is aluminum 
203 about aluminum. The 0.5 - 1 .5 weight section is desirable at conversion. 

[0028] Furthermore, it is Mn further to a point to the principal component 1 00 weight section which 
improves a degree of sintering with the dielectric porcelain of this invention Mri02 It is desirable to 
carry out 0.1-3 weight section content by conversion. It is Mn Mn02 When fewer than the 0.1 weight 
sections, the addition effect of carrying out 0.1-3 weight section content by conversion is small, and it is 
because dielectric characteristics get worse in [ than 3 weight sections ] more [ still ]. Mn is Mn02. It is 
desirable to carry out 1 .2-1 .8 weight section content by conversion. 

[0029] The dielectric porcelain of this invention is MgTi03 as raw material powder. Powder and 
CaTi03 Powder, B-2 03 Powder and Li2 C03 Powder and Si02 Powder, alkaline-earth-metal oxide 
powder (it MgO(s)) CaO, SrO, BaO, and aluminum 203 Powder and Mn02 Powder is prepared. 
Weighing capacity is carried out so that it may become the presentation ratio which described these 
above, and it is Zr02. Grinding mixing is carried out with a ball. After carrying out temporary 
quenching of this mixed powder at 650-850 degrees C, it is Zr02 again. Grinding mixing is carried out 
until grinding particle size is set to 2.5 micrometers or less with a ball. This temporary-quenching 
powdier is fabricated in a predetermined configuration by well-known methods, such as press forming 
and a doctor blade method, and it is obtained by calcinating below 950 degrees C for 0.5 to 2 hours in 
the inside of atmospheric air or an oxygen ambient atmosphere, or non-oxidizing atmospheres, such as 
nitrogen-gas-atmosphere mind. 

[0030] Metal salts, such as a hydroxide which generates an oxide by baking, a carbonate, and a nitrate, 
may be used for raw material powder. 

[0031] As for alkaline earth metal, adding as a glass frit is desirable from the point of the improvement 
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in a degree of sintering. For example, B-2 03 Powder and Li2 C03 Powder and Si02 Using powder and 
alkaline-earth-metal oxide powder, a glass frit is produced and it adds. Under the present circumstances, 
B-2 03 Powder and Li2 C03 Powder and Si02 It cannot be overemphasized that the amount added as 
powder is an amount which deducted the amount used by the above-mentioned glass frit. 
{0032] With the dielectric porcelain pf this invention, Zr etc. may mix in manufacture processes, such as 
a preferential grinding process of a raw material, or Fe, Hf, Sn, etc. may be contained as an unescapable 
impurity of a raw material. 

{0033] With the dielectric porcelain of this invention, it is MgTi03. It considers as the main crystal 
grain child, and is CaTi03 to this. It may deposit. Moreover, 2 (Mg, Ti) O (B03) may deposit. 
{0034] In addition, alkaline earth metal is MgTi03. CaTiQ3 It dissolves to A site, or it becomes glass, 
and a degree of sintering is made to improve. Moreover, Si and aluminum exist as glass . Alkali metal 
dissolves in the main crystal phase, or exists in a grain boundary as glass. As for B, alkali nietal, 
aluminum and Si, and alkaline earth metal, most exists as glass. With the dielectric porcelain of this 
invention, the diameter of average crystal grain is 1-5 micrometers. 
{0035] 

{Example] As a raw material MgTi03 of 99% or more of purity Powder and CaTi03 Powder and B-2 
03 Powder, alkali-metal (Li, Na, K) powder, and Si02 Powder, alkaline-earth-metal (MgO, CaO, SrO, 
BaO) powder, and aluminum 203 Powder and Mn02 Weighing capacity is carried out so that it may 
become the rate which shows powder in a table 1 , and it is Zr02 through pure water. Wet blending was 
carried out with the ball mill using a ball for 20 hours. 

[0036] Next, this mixture was dried (dehydration) and temporary quenching was carried out at 800 
degrees C for 1 hour. This temporary-quenching object is ground so that grinding particle size may be 
set to 1 .4 micrometers or less, and it is 1 ton/cm2 as a sample for assessment to the shape of a with a 
diameter height [ 8mm height of 10mm ] cylinder. Press forming was carried out by the pressure, it 
calcinated for 2 hours at the temperature which shows this in a table 2, and the sample of the shape of a . 
cylinder with a diameter [ of 8mm ] and a height of 6mm was obtained. Under the present 
circumstances, contraction initiation temperature was measured by measurement of a heat shrink. 
{0037] Assessment of dielectric characteristics measured the specific inductive capacity and Q value in 
the frequency of 8GHz by the dielectric cylinder resonator method using 'said sample. The value 
-expressed with the product of Q value and a test frequency f was indicated to a table 2. Furthermore, 
temperature coefficient tau[ of the resonance frequency in a -40-+8'5-degree C temperature requirement ] 
f {ppm/**] was measured. 

[0038] (Moreover, the sintering acid component, i.e., B-2 03, excluding the principal component of 
each sample as damp-proof assessment Powder, alkali-metal (Li, Na, K) powder, and*Si02 Powder, 
alkaline-earth-metal (MgO, CaO, SrO, BaO) powder, and aluminum 203 What calcinated powdered 
mixed powder at 650 degrees C among atmospheric air for 10 minutes) When it attached and a steamy 
pressure test (PCT) was performed on condition that two atmospheric pressures and partial -saturation at 
the temperature of 121 degrees C for 24 hours, the weight percentage reduction steamy pressure-test 
before and after a trial was measured, and it was shown in a table 2. Weight percentage reduction used 
0.4 or less % of the weight as this invention article. 

{0039] in addition, this invention person etc. — X diffraction measurement and an X-ray microanalyser 
(EPMA) — the sample of this invention — the main crystal grain child — MgTi03 it is — it checked that 
B, alkali metal, aluminum and Si, and alkaline earth metal existed in a grain boundary as an element. 
{0040] 
{A table 1] 
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«M4 
•No. 



• 1 

2 
3 
4 
5 
6 
7 
8 
9 

♦ 10 

11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

£2 

23 

24 

25 

26 

27 

28 

29 



0.08 

0.08 
0.08 
0.08 

0.05 

0. 10 

0. 15 

0.20 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0. 08 

0. 08 

0.08 

0.0B 

0. OB 

0. 08 

0.08 

0. 08 

0.08 



BaOa 



14 
14 

13 
14 
14 
' 14 
14 
14 
14 

3 
7 
10 
13 
17 
20 
14 
14 
14 
14 
14 
14 
13 
14 
14 
14 
14 
14 
14 



Li 
Li 
Li 
Li 
Li 
Li 
Li 
Li 
Li 



L> 

Li 
Li 
Li 
Li 
Li 
Li 

Li 
Ne 



6 
7 
6 
6 
7 
7 
7 
7 
7 



SiOs 



7 
7 
6 
7 
6 
6 
1 
3 
7 



Li 10 
Li 7 



fi 

Li 
Li 
Li 
Li 
Li 
Li 
Li 



7 
6 
7 
6 
7 
8 
7 
7 



0.67 

0.75 

0.86 

0.86 

0.96 

0.96 

0.96 

1.00 

0.86 

0.96 

2.00 

0.81 

3.00 

4.00 

5.00 

5.00 

0.86 

5.00 

0.01 

0. 18 

0.45 

0. 50 

0.94 

0.96 

1.00 

1.00 

4.28 
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BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

BaO-CaO 

NgO 

BaO-CaO 
BaO-CaO 
BaO-CaO 
SrO 

BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 



3.0 

2.7 

2.0 

2.0 

1.6 

1.2 

0.5 

2. 2 

2.0 

1.6 

4.0 

2. 0 

5. 0 

5.0 

2.0 

2.0 

2.0 

2.0 

1.6 

0.4 

1.6 

1.2 

2.3 

1.6 

1.3 

0. 1 

1.0 



AIjOj 



1. oo 
0.01 
0.20 

0. 50 
1.00 
1.00 
1.50 
2.00 

1. 00 
1.00 
1 . 00 
1.00 
1.00 
1.00 
1. 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1. 00 
1. 00 
1.00 
1.00 
1. 00 
1.00 



MnO z 



0. 05 

1. 50 
0. 10 
1.50 
1.00 
1.00 
1.20 
1.20 
1.20 

0. 50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1. -60 
l.SO 
1.50 
1.50 

1. -50 
1.50 
1.80 

2. 50 
3.00 
3.00 
3.00 

3. 00 



» ffl^±#f6l»CDim#^tt#***• 
No.26.27tt:Mg/Ti kCa/Ti Jt * 5 * * * til . 1 , 0. 9 % & t . 



[0041] 
[A table 2] 
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mm 


■'*.«■ 


QffflL 


Tf 


mm 
















N o. 


X, 


c 


e r 




ppm/ o 




* 1 


970 


880 


.* 1 ft c 

19.5 


or/inn 
ooOUO 


+ 1 U 


O. 04 


2 


1020 


Ann 

890 


i a r 

19. 5 


OH AAA 

Z /000 




< n aa 


3 


900 


o o r\ 

830 


i o o 
lo. o 


o i »7 aa 
Z 1 / OU 


T / 


i tin 

1.01/ 


4 


900 


830 


18. 9 


one on 


+ 10 


U. / f 


5 


900 


n n n 

780 


19.5 


OCA A A 

Z500U 


- o 


<n /ft 


6 


900 


800 


19. 4 


nrjA aa 

27900 


x 1 A 


<r a /a 
^ U. 4U 


7 


900 


810 


19. 3 


22000 


+ 15 


<r a /i a 
^ U. 40 


8 


900 


830 


19.2 


16500 


+2o 


<r a » a 
^ 0. 40 




930 


840 


19; 4 


1 -C C ftft 

15500 


+40 


' ^ A X A 

= U. 40 


*10 


1200 


1000 


20. 1 


40000 


o 


^ 0. 40 


1 1 


950 


840 


19. 3 


1 A A Aft 

16000 


. Oft 

+20 


<•*■ n / ft 

^ 0. 40 


12 


940 


820 


19. 5 


17000 


+21 


ft yl ft 

= 0. 40 


13 


900 


810 


1 9. 4 


1 C 1 ftft 

151 00 


+ 1 0 


= U. 4U 


14 


900 


A 1 A 

810 


19. 6 


O 1 ft ftft 

21000 


+£o 


S 0. 4U 


15 


900 


A 1 A 

810 


1 A A 

18.9 


i *t A ftft 
17000 


i o c 

+•25 


<: a ./ n 
= 0. 40 


16 


900 


820 


18. 6 


i -c -e a ft 

15500 


+£7 


^ A /ft 

^ U. 40 


17 


920 


830 


18. 1 


1 A ft ft 

16000 


+ 5 


^ A /ft 


18 


900 


830 


18. 3 


1 T A A ft 

17000 


0 


n /a 
= U. 40 


19 


900 


780 


1 9. 5 


30000 


+25 . 


^ ft X ft 


20 


900 


810 


18. 2 


16000 


+ 5 


r\ ji ft 
^ 0. 40 


21 


920 


850 


19. 5 


A A A A A 

28000 


+ lo 


<f ft * A 

S U. 40 


22 


940 


850 


19. 4 


A A A A A 

29000 


, A 

+ 9 


ft / ft 

= 0. 40 


23 


900 


830 


1 9. 4 


O C A A 

25600 


.Oft 

+ 20 


r\ >t ft 
^ U. 4U 


24 


n e\ a 

900 


830 


19.^ 




i in 

+ 1 y 


<: ft /ft 
=^ KJ . 4U 


25 


AAA 

900 


O C fk 

850 


i ft ft 


Z4UUU 


TOU 


< A AA 
S V. 4U 


26 


900 


810 


19.5 


17800 


+ 5 


<0. 40 


27 


900 


810 


19.3 


18100 


+ 9 


SO. 40 


28 


900 


810 


19.0 


16000 


+ 5 


^0. 40 


29 


920 


820 


18.5 


23100 


+27 


S 0. 40 



{0042] In excelling in moisture resistance from these table 1 and a table 2 in containing aluminum, and 
containing B and alkali metal, it turns out that low-temperature baking of 1 050 degrees C or less is 
possible. When satisfying the empirical formula of this invention especially, for specific inductive 
capacity, 18-20, and Qf value are temperature coefficient tauf of resonance frequency more than 1 5000 
[GHz]. While having less than **40 ppm [/degree C ] outstanding dielectric characteristics, it turns out 
that sintering contraction began below 850 degrees C 5 and it had the degree of sintering which could 
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-calcinate below 950 degrees C and was excellent, and has high moisture resistance. In addition, in 
sample No.2 which do not contain Si and alkaline earth metal, although burning temperature is good in 
moisture resistance at 1020 degrees C, it turns out that contraction initiation temperature is a little high. 
{0043] On the other hand, moisture resistance improves as moisture resistance is bad at sample No.l 
which does not contain aluminum and the content of aluminum increases, and it is especially aluminum 
203. When the content in conversion is more than the 0.5 weight section (sample No.5), it turns but that 
moisture resistance becomes good most. Moreover, in sample No. 10 which do not contain B and aU:ali 
metal, it turns out that burning temperature is as high as 1 200 degrees C. 

{0044] In addition, the weight ratio of BaO and CaO of BaO-CaO in the column of the alkaline earth 

metal of a table 1 is the mixture of 1:1. 

{0045] 

{Effect of the Invention] While being able to carry out low-temperature baking according to this 
invention as explained in full detail above, piezoelectric ceramics excellent in moisture resistance can be 
obtained. When B, alkali metal, aluminum and Si, and alkaline earth metal are contained-especially, 
burning temperature — 950 degrees C or less and contraction initiation temperature — 850 degrees C or 
less — it can carry out — conductors, such as Ag and Cu, — a metal — simultaneously — it can calcinate — 
that time — a conductor — since it has a high dielectric constant and Q value, and good moisture 
resistance in a RF field while the curvature of the substrate generated from the mismatch of metaled 
contraction behavior and distortion are controlled, small and high performance-ization of electronic 
parts or a substrate are realizable. 



[Translation done.] 
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(57) [g£>] 

Wm^&l *MBcJ:<MM«fc. (l-x) MgT 

1 Oa - xCaT i Ost^tfc^f. xfr'Ogx^O. 

2 £8sj&r&±j&»-*: . w&&» i o osaasfc:» t 

(CA 1 SrA 1 2 Os . 0 l~2SSS^f 6 
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1 

[*$tM££*>Kffl] 

[|»£JB1] ^<fctMgfcTi££?rfS«£BHfc 
[lt*3B2] fi#Wi. $ £t£7cSfc L-T S i i> J; VT 

mj y ±M^e$:^^rr-2>- -rsffc** i« 

(l-x)MgTiOa xCaTi03 
fc^LfcH^ hEx^'OSx^O. 2S:SIJ2.-r&±«» 
fc. ^±jfc8-10 0Sfig«C*tL-C. B5-B2 Os 

•c3~2os«s. r/^y^ssrr^'j^m^KJS 

Jftg-Cl — 1 OfifigB. SifcSi'O* 0 1 

IJs&g-CO. l~5afigfk S&tAl £Al2 Os ift 20 
Jg 1 * Ttli 2fES*>^i«BS. 

msxit/zttimm^ a g*> it^/ifcttc u sr± 

[$E9jtf>t¥iHBriMB] 
[0001] 

[&9]tf>m-rs&«#»] *muimmim2s£m l . 

£0. Wi-fcf. v>f7o»^$y*^fc*oigja«{B«fc: 

[0002] 

[sat««] rnmrnwi. ^0*^5 y» 
[0003] «fbi»wf«hm=:bvvc, mm* 

*7$v7AtftW£1*ZmBms8.-?h£.l&LX&. « 

*&>mm**7 s -/ ^xoMj£ias*< 1 1 0 owxtt 50 
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2 

/S-CfcSPt, Pd. W, Mo^tfffiJHSfrOXfc. CI 

tfoO/Jv£ lr*A g,Cu¥i: BB#m^t&^lB«lj£<^ 
*«5fetciUH Lt:im¥8 - 2 0 8 3 3 O^ffifcRK^ 

n^mm«ciisffl«ii*i«. m s o, cao, Tipi t 

Bj Oa , Li! CO3 irt,%&l><OX'$>*). 9 0 0— 

1050 'ccoitKWfiST a g> cu mcoftsmftt m 
ab&asaa 7 g h z -coqm** 2 000 uut . 

sasgs^s^ffiSr f a<±4 0 J^^I*ltf>g*ut^ttt£W 
0>X'i>->iz. 

[0005] 

[fHB* 5 «*LJ:3frSil)ll] L*»L$n&»&. ftPFF 
8-20833 0^«C^S*Ut^i«c«Sffl«!|*l 
T'<±, MteBWM^fc LTB2 Os . L i 2 CO3 

^vx^tiibmsiti^^t^o^mtfih-oti. 

[0 00 6lfiP*>, Bj O3 . Li! CO3 »i*JS1tC 

mmmm^Bz o 3 . Lit co 3 im 

[0007] ±Mernmmmxamm&&¥tti 
$<?>tc«8sc*Jtts«a»a*sjae* t 8 4 5~9 6 

[00 08] S*i:tT«. AgtJilf/*3t«± 
Cu^±)J^tS*)«. Ag. C U> fc«.v^ 

BAg, C u CSLT^7^^t 7 $ 7 P 

tmmz&»&tmmte&&&g< t i, 6 5 ox: 
w&x$>htz#>. ±^mvm^mms^wsmmas. 

[0009] *miiz±smmiz&x-%iiti.tihcr>x'. 
«Stt^i»i±-e# h 1 1 1> iz, &&mjsx'& &wm.wm. 
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max'i>& 0 *m*-*9mx'% zmrnmrnte xxmm 

flsSrSfiW h z t & a ttit -t i . 

[00 10] 
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•Jj»t 1~1 OgASB. S i SrS i Oj J£SlT'0 . 0 1 

l^^CTO . 1 -5Sa». ? ^.tCA 1 S: A 1 2 Os tft 
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[0013] *%HBc^S*«. §im#Ji£«a»Jf L 

£. 

[00 14] 
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^ xW^x^O. 2^S5£-r&±j£^fc. tfc&fcfr 
1 00SS8«C*tLT. B. TfUXV&m. Si. 7* 
ii V±M&mt5£VA 1 £0r5£frfrtrr& £ i: «t 0 . 
lt0S«^ 1 8~ 2 0 T. Q^i: -?-<0«5^8da t «0« 50 
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[00 19] 

t, M g k T i £#qrr&1t^^fea^ : 5:S y <Q7;*# 
hMO±te^4^«t^fc:. tc^LT. B. T;P* 
'J^S*JJ:I^A 1 S:^rr&i>tfre&S. ik^:<i:t)M 
g t T i *#^rS«^«ft!|*J*^=S:i»^n7'X*>f h 
M^^tSaS^fc LTJiMgT i 0 3 ©^fcS. 

tc«. T^t lt. $ fees i *> xvt/u* v±m&m 
[ o o 2 o ] -e lx , ^mmcr>mmm.m±. * 

)Utttz£ &mti&&. (l-x)MgTi03 - xCa 
TiOa tmLtZB*. x^O^xSO. 25rSlii.-rS± 

K±«^10OSaafc:^LT. B$rB 2 Os 
B*gT-3~-2 0SSaL TA'^U&fSSrTA'^y^RK 
KSIftffT 1 — 1 OffiS^. Si fcSiOz miTO. 

oi~5 asas. T>vp u ±®^s$r r^* y ±3&&b 

BKbift^TO. 1~5MS^. S^.KA lS'Ah O 

3 tm.x-0. o i~2«aat*rr*ii:36 t a*u^ 

[ 0 0 2 1 1 ■T-T. *5KH<0giS«caES<O^^-Sr. 
*;HfctJ:Stt^5r ( 1-x) MgTiOa - xCa 
TiOs x**0^xgO. 2&m&thk 

LtiCDii. x*«0. 2^;WS-ili^2»^t=«. «S^«t 
SOfiJgftlSr f < 5: o-r 3 

frt>x-h&. t o^mrntmsscr^mm^co^m.^ 

Srf coaife&^»ix»iO. 05=£x=S0. 1 0^'jlfi 
LVV t^:. MgTiOs fcCaTiOs lZ&\^X. M 
g/TiJti^iCa/Tilb^O. 9—1. l<T>m& 

xhtiM. *mi<r>mfm<D3ijfift t Lx&mxz s. 

[0022]fU. *^Op«ft:fiB[SS-C»4±j£^ 1 
0 0fiSatC»UT. B£B 2 O3»^T-3~2 0afi 

r;^ y &m£Y/\s# y ^jr^se^^t- i - i o 

$fta. S i SrS i O2 &WC0. 0 T 

iva v±m&m?:T>Mj v±m&mmim&&x'o . 1 

~5ftB&. $f>tCA 1 SrA 1 2 Os JS1CT-0. O 1~ 
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5 

2Si8fr& : rr£ i>coxt>& . 

[00231 BSrBz Os »g-C3- 20SS 

»ii 1 0 oxrefc*8MHi-r* AgZfzucut&lLftt 
•?&mi*tmBmft& < TZ%:<%'0 „ i£t£2 0SS&S: 

jg^Q^HiSfcV^ B2 Os 8»t7~17 

14. ^JRffl^. Bi Os . 31/7^h, CaBiOi . 10 

[0 0 24] Ty^U^BSrr^'J^B^^S 

«jre 1 — 1 osa»&3rut:tf>uu 1 sass 

5fcSf<0*&£fc:«l 1 O 0-CT't>«^-r. Ag£*;JiC 

1 osai*£8;ts*^K»m D m&^ttLTQea<ffi 
t*-**»6"c**. ^s*a«<oQtt<7)ia^A^3~8 

[00 2 5] SiSrSiO* tA£*C0. 0 1 — 

5sa»#*Lfcw»i« ^waa^o. 0 1 mmmxffico 
3&18 5 o-cj: y t?s< . mjm3ymt>ti*^frt>-cf> 

^l£T-r&*^T&-&. il«<*SBt3Stf>lfc^Pe rfc 

svMiQfi<oa^i*^o. 5— 3sassa*Mifcu*. S 

i ttte&fot LT<±. SiOi . MgS i O3 30 

TO. l~~5nSM& : &?Z>i><?>X'i>h. Ztlh&O. 
JRJ8§B«fiSg* { 8 5 0-CJ: 0 *>«< . SanSS** 1 ^^^ 

ISzrf <o»S*»4>»i-Sfh'0. 5—3. SSagftaWifcL 

40 

[0026] T)VAV±m&&hLX\&^ Mg. Ca, 
Sr. Ba**&y. ^S^T-kBafl^UV, 7*/U 

[00 27] S4>£. A 1 £A I2 O3 t&TCO. 0 1 
— 2ffifiSP#W-rsi><0T-&&. A I £A 1 2 

03 aweo. 0 ia4g?*st<^)^(c«. §mf*ats 
<oBStttcKLT. gsmirafft&s* ( pct) ts<7)M 

-*\ 2fifi^ilSx&i:^m*SS<OQe 50 



fJBPFl 1-240 753 

6 

14. AUAh Os JftJtCO. 5-1. 5ffifi^#M 

[oo28]$ s>k. *5%BBoiw«ta[ST«. tm& 

±j£7M0 0magSK:2tLT. 
CMnJMnO: &3TC0. 1 — 3 ffia&^ffT & - 1 
*<SiU». MnSMnO! JftltO. 1 — 3MMS^ 
*-£UtofctfH4.- 0 . lfifiSSJ: 0 t>^v^«^-tc<i-e 
«^fii^*vjN$ < . $ a>(c 3SfiS! i 0 t> &\*%&tz 
»4g|^^* { ltftrS^Ti>4. MnJiMnOi 

•ci. 2-1. 8W&&nn-r&zbtm£L\.\, 
[0029] *¥me>¥mimzsii. lt. 

«S;L»4*. MgTiOs »5fc. CaTiOs Sfcfcfc. B2 

03 l i 2 cos s i 02 r/i^y 

iJS^SKfl:^* <MgO. CaO, SrO. Ba 
O) . A 1 2 O3 »*. Mn02 ffcfcSriPfiU dtt^> 
^±^LJtffl^H:i:^Si3tflFfib. ZrOj 
fci -<7)^-^*$r 6 5 0-8 5 0*CT 

X$m*?Y 7 ?-7V- YWgW%5mm3Z± *)ffifc 

H^^7^^btt#H^(-*5v^-c 9 5 o'ctrreo . 5 

— 2*im&&t&Zblz£ 

[0030] mmzi: oKflass-^f & 

[0031] T)Vii v ±m&ma. #7x7 0 shbv 
rmtttz zbi>sm&&fo±<?>fiLfrt>m3. u^. mt 

tf. B2 Os Sfcfc. Li2 COs SiOj 

ttmLxmtrth. zvm. Bi o 3 Lia co 
3 s i 02 »3fcfc LT^dn$ft&««. ±fEXf7 

[0032] *mf\<riWmifcmsX'\i. lg«<0S^»» 

^ttkUFe, Hf . Snmifi&3.1XhZb%>$> 
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Zbi>$>&. 

[0 0 34 ] ^ T>l-*V±m&m&. MgTi Os b 
CaTiOs OAlM FtHSLfcO, *JV«#7X 

i % A 1 tetf^Xi; U#ftt4. r;^'J^IHi. ± 

b, r;^ >J&m. ai, s i tiiiXT;^ >J±M£M 

i&sb'tf# ; 7XbLxi?&?&. ^m&mnm&isX' 



7 

[00351 

imam) m\ti,xw&9 9%\:ik.a>. M g Tio 3 
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[oo38] tism&nmmt lt . ^tca^^jstt 
tm^msamm&ft. an*>B 2 o 3 »*. rurtij* 

(Li. Na. K) S i O2 19*. T^*'J± 

(MgO. CaO. SrO. BaO) 19*. A 1 

2 03 mtnm&m.*. *sr<p6 5 oxre 1 o#«i£ 

L*rt>tf>tcoivt. UMlBlBEifiSI (PCT) Srl21X; 
tf>iagT. 23RE. ^ffi»^fefrT-2 4^ffo^. 
10 |^ttl^t«B?tlfi»SW)Ma»^^ffl«L. «2tC 
iSLfc. SStfeWPO. 4fia%UlTS:*fK8fii4: L 

[ 0 0 3 9 ] #IS<»§^«i. XtS|sRffll5&fc> itf X 
»-7>f ^aTt^-ff- (EPMA) fcj:*). 
g^JT'iiife^^MgTiOs -CftO. fMffc. 7C 
*fc LT. B. TlVi] 'J&H. Al, Si &£VT)VU 

[0040] 
[311] 



(6) 



^fH^l 1 
1 0 



No. 




BsOs 
Wt» 


wt 9 


C S A. 
2k I Ul 


* 1 


0. 08 


14 


Li 6 




2 


0. 08 


14 


Li 7 




3 


0.08 


13 


Li 6 


0. of 


4 


0.08 


14 


Li 6 


ft 7£ 


5 


— " 


14 


Li 7 


A DC 

0. ob 


6 


0.06 


* 14 


Li 7 


v. Kb 


7 


0. 10 


14 


Li 7 


0. 96 


8 


0. 15 


14 


Li 7 


0. 96 




0.20 


14 


Li 7 


0.96 


• ID 


0.08 


— 




1.00 


11 


0.08 


3 


Li 7 


0. 86 


12 


0.08 


7 


Li 7 


0.96 


13 


0.08 


10 


Li 6 


2.00 


14 


0.08 


13 


Li 7 


0.81 


15 


0.08 


17 


Li 6 


3.00 


16 


0.08 


20 


Li 6 


4. 00 


17 


0.08 


14 


Li 1 


5.00 


18 


0.08 


14 


Li 3 


5. 00 


19 


0.08 


14 


Ma 7 


O. 86 


20 


0.08 


14 


. Li 10 


5. 00 


21 


0.08 


14 


Li 7 


a n l 

0. 01 


22 


O.OB 


14 


ft ' 7 


A ■ O 

0. 18 


23 


0.08 


13 


Li 6 


0. 45 


24 


0.08 


14 


Li 7 


0.50 


25 


0.08 


14 


Li 6 


0. 94 


26 


0. 08 


14 


Li 7 


0. 96 


27 


0. 08 


14 


Li 8 


1.00 


28 


0.08 


14 


LI 7 


1.00 


29 


0. 08 


14 


Li 7 


4. 28 



mm 



BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
HgO 

BaO-CaO 
BaO-CaO 
BaO-CaO 
SrO 

BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 
BaO-CaO 



3.0 

2.7 

2.0 

2.0 

1.6 

1.2 

0.5 

2.2 

2.0 

1.8 

4.0 

2.0 

5.0 

5.0 

2.0 

2.0 

2.0 

2.0 

1.6 

0.4 

1.5 

1.2 

2.3 

1.6 

1.3 

0.1 

1.0 



AliOs 
Wt9 



1.00 
0.01 
0.20 

0. 50 
1.00 
1.00 
1.50 
2.00 

1. 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l.QO 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



MaOx 



Ho.ZB.27**llg/Ti fcCa/Ti IfcWftfW. 9 ***** 



0.05 
1.50 
0. 10 
1.50 
1.00 
1.00 
1.20 
1.20 
1.20 

0. 50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1. 50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.80 
2. 50 
3.00 
3.00 
3. 00 
3.00 
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mat 


JRtt 


it m 


Qftt 


T f 


ii 








mm 








No. 






e r 






a erf 


* 1 


970 


880 


19.5 


35000 


4-10 


3. 54 


2 


1020 


890 


19.5 


27000 


+ 9 


^0. 40 


3 


900 


830 


18.8 


21700 


+ 7 


1. 50 


4 


900 


830 


18.9 


22500 


+ 15 


0.77 


5 


900 


780 


19.5 


25000 


- 5 


^0. 40 


6 


900 


800 


19.4 


27900 


+ 10 


gO. 40 


7 


900 


810 


19.3 


22000 


+ 15 


gO. 40 


B 


900 


830 


19.2 


16500 


+25 


gO. 40 


9 


930 


840 


19.4 


15500 


+40 


gO. 40 


*10 


1200 


1000 


20. 1 


40000 


0 


gO. 40 


11 


950 


840 


19.3 


16000 


+20 


gO. 40 


12 


940 


820 


19.5 


17000 


+21 


gO. 40 


13 


900 


810 


19.4 


15100 


+ 15 


gO. 40 


14 


900 


810 


19.6 


21000 


+28 


gO. 40 


15 


900 


810 


18.9 


17000 


+25 


gO. 40 


16 


900 


820 


18.6 


15500 


+27 


gO. 40 


17 


920 


830 


18.1 


16000 


+ 5 


gO. 40 


18 


900 


830 


18.3 


17000 


0 


gO. 40 


19 


900 


780 


19.5 


30000 


+25 


gO. 40 


20 


900 


810 


18.2 


16000 


+ 5 


gO. 40 


21 


920 


850 


19.5 


28000 


+15 


gO. 40 


22 


940 


850 


19.4 


29000 


+ 9 


gO. 40 


23 


900 


830 


19.4 


25600 


+20 


gO. 40 


24 


900 


830 


19.2 


22200 


+19 


gO. 40 


25 


900 


850 


19.0 


24000 


+30 


gO. 40 


26 


900 


810 


19.5 


17800 


+ 5 


gO. 40 


27 


900 


810 


19.3 


18100 


+ 9 


gO. 40 


28 


900 


810 


19.0 


16000 


+ 5 


gO. 40 


29 


920 


820 


18.5 


23100 


+27 


gO. 40 



[0042] zttt><r>mi. m.2.&h. a i 

itWmm#l 8—2 0. Qffifr'l 5 0 00 CGH 
z } feLh. *=Sm&£L<?>&&8&vf tf±A 0 p P m/ 

-cmrt<ofthJtm®^tt5r*-rs 1 1 1> (C. 8 5 o -cm 
ft. s i axxrr^a y±s&f&£##L : fcv^E 



©am**-*-. 

*«No. 2T'l±. &l£iag#*l 0 2 0X:fWSttSrfiJ9FT- 
[0043] — A 1 Sr#qrL^rV.^No. 1 "TOW 

att#*n< . a i ay&^mtfmm-th izitixmmmfi 

|6l_bU, mzAlt Os m»T©-§-**(P*0 . 5figSS 
Ht<*5 (ItftNo. 5 ) lzMl>mm&&&8b%hZb 

i o-m#U£iajg# i 2 o ox;tm^z.ttfmh. 

[ 0 0 4 4 ] ft 1 (DT/l'tf y ±S^S<OfH-fe^* 
*50 BaO-C aOfcti. BaOfcC aOcoSfiifc* 5 ! : 1 



1 3 

[00451 

ZtWT&h. B. TArtUftlL Al. Sits 



(8) 1-240753 

14 

9 5 0 WF. flJU^J&aSSrS 5 O^tlTfc-T&^i: 
A g^-C uf ^*iSkH^CMtl . * 

<r>m. *>*?m*im8fe*-h 1 1 *> mtMt£^ 



